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The investigation extended previous rescarch on performance tests in cle-
montary collego physics. The cffect of high school physics on college physico
achievement was explored. Corrclution coefficiente betweon porformance tests and
other mcasures of aptitude and achicvement were calculated. Tho depondence of the
tes¢ rolinbility on tho number of test items and subscores was investigated.

It was found thet:

1. High schocl physics background probably contributed favorably to
achievement in college physice as measured by conventional examinations, but tho
offect on porformance tcets scores was doubtful.

€. The correlations betweon the performance tost, ACE and high school
rank were not significarntly different from zero.

3. Tho correlations between the performance test ani convontional
achioevement criteria in college physics wore positive, significant, but very low.

4. The Hoyt reliability cocfficient of a performance test could be

increased to an acceptably high value by entoring secveral subscores for each itcm.

Performance Teste in Physics*

This study is an extonsiorn of the previously reportoed rescarch on perform-
ance teets in physics (3, %). During tho spring quarter 1951-52 additional samplos
vore drawn fram the gencral courses in physics at the University of Minnceota. The

offect of high school physice on achievement in collcge physics was furthor investi-

* Under contract N8onr-66213 with the Office of Maval Resecarch, Project NR153-148
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goted; a numbor of changes were made in tho performance tcets; some of the original

findings were chocked; and the test reliability was explored more thoroughly.

Effect of digh School Physics

The tost rcsults for Physics 7, fall guarter 1351, showed no significant
difforences on three achiovcmont measures tetween studcntes who had had high school
rhysics and thosc who had nono (3). Tho anlysis was repeated for o comparable saaple
drawn frcm two courses offered during spring Guarter 1952. It is apparent from Tablo
1 that thc conclusions from the sccond investigation appear to contradict the
original findings.

Therc was a significant difference in mcans for the apring quarter group
for the final course grode, Cooperative Fhysics Test for College Students and the
laboratory perfcermance test in favor of thosc who had had high schocl physics. This
difference between the two groups could hardly be attributed to the fact that the
fall quarter course contained largoly sophomores, whereas the spring quarier sample
wa3 camposed primarily of third quarter freshmen. Both groups - freshmcn and sorpho-
mores - wore adjudged to be random samples from a normal population on tho basis of
three initial mousures: Highk School Percentile Rank, ACE, anmd Cooperctivo Test in
High School Fhysics.

When the subsamplos from beth quarters wero poolod the moans wore still
significantly difforent for the final grade and the cooperative test. Since four of
the ninc items on the performance test wore identical and since the mcans for the two
quarters difforod by only one point, it was thought reasonable¢ to pool cll the stu-
dents on this test and compare those who hud had high school physics with those with-
out it. It was found that thore wero no significant differonce¢s in the variances or
the mcuna. Howoever, the number of students ontering ¢nginecring physics at the Uni-

versity of Minnesota without high school physics is relatively small: 10 to 15 per
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cont in our samples. Conscquently, the datn on the contribution of high school
physics nmust be interpreted with great caution. Thoe high correlation coofficients
botween a pre-tcst in high school physice z2nd the theorectical achievemcnt measures
support thc¢ hypothosis that a high school rhysics courge has probebly o favorable
offect on achicvemont in colluge physics as measured by the usual criteria. (See
Table 2) On the other hand, from the low corrclation cocfficient betwoen tho samo
pro-test and the performance test a reasonable conclusion is that the influence of
righ school physics on luboratory porformance tcat scorcs is not likely to be sig-
nificant.

Additional ovaluation will bo necded to domonstrate conclusively the effect
of hligh school physics on the thcoretical und pcrformance achicvement in college

physics.

Modification of rorformance Tests

Expericnco with performance tests during 1991-52 lcd to several changos in
tho decsign, administration, ard scoring of tcet items. More items with a high por-
formanco component were incroduced. The credit allocation for the thcoretical phase
of each itom was reduced or eliminated; thus no zdvantuge accrued to grouns icking
the test at a later time because of information lenkege on method. Each itom wos
graded by ono instructor for 1ll the studonis in the course. Onc wesk beforu the
tost oach studernt was givon a shcet on which the test itoms wore described In torms
of the given apparatus and the problem to b solved or measurument to be made. Thus
every student was givon the same cpportunity to make a theoretical preparation for
the test. During the toet all the needcd formulas worc either written on the board
or werc available on a mirmcograrhed shoct.

The offcct of the modificd testing proceduro was investigated during srring

quarter 1952. A samplo of Gl Institute of Tcchnology students wae drawn from thysics
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7, tauvght by Frof. J. Valasek. ie group was glven substantlally the same inciruc-
tional exposurc as the subjects on which the original findings were btased (3). The
means, standard deviations, and ccrrelations coefficlients for the two grcups are
shown in Table 2. It is clear that the means and the standard deviatlons on the
initial ard final measures do not differ greatly botween tho two camples. The only
exception is the standard deviaticn on the performance test which increased ty a
factor of two fou the spring quarter group.

The correlation coefficients betweon the initial measures, between the
initial and final measures and the theoretical criteria did nct differ substant’ally
from the corresponding values for tho fall quarter. However, the correlation co-
efficients betweon the spring quarter latoratory performance test and all the other
measures have been decreased to about half of the corresponding coefficients for the
fall quarter group. For instance, the correlation between the performance score and
High Schocol Percentile Renk hag been reduced from .33, significant at one per cent,
to .1%, which is not significantly different fram zero. The same is true of the
correlation coefficient betwecr perfcrmance scores and ACE. Apparerntly the aforemen-
tioned changes in the performance test account for the reduction in the size of the
coefficieants. The highest correletion is .33, between the performanceo test and the
final grade in the course. Although the coefficient is significantly different from
zero at the one per cent, its low value is indicative of the difference in the abil-
itiss and skills sampled by cach of the two measures. In additicn there is some
intercorrelation betweon the two measures esince the performance test accounts for
about 7 per cent of the final grade. The low pusillve corrslation is sinmply a

measwre of the overlap in termincliogy. and aprparztus betwcen the labvoratory werk and

lectures.
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Item Analysis

The Davis technigue (1) was used to find the discrimination and difficulty
indices of the verformance test in Fhysics 7 for spring quarter 1952. The results
are shcwn in Table 3. TFour of the nine items were identical with those given during
the fall quartsr. The criteria used wero the total score on the tect and the final
course grade. The average discrimination ard difficulty index for the ecntire test
was practically unchanged for the tctel accre. ™he discrimination irdex wes some-
vhat lower for the spring group with the final grede as a criterion. However, for
the items common i both quarters the average discrimination and difficulty irdices
were higher on both criteria for the spring group. Hence the modifications in the
performance test resulted In items that on the average discriminate tettier between

the good and poor students and cusme clogser to tho optimum difficulty of 50 per cant.

Hoyt Reliability

The Hoy%t reliabilities (2) of the performance test were computed for the
long iteme, short items and the total test. The values for the fall amd spring
quarters are shown in Table 4. It is ssen that the reliabilities are highly campar-
able. The large difference in the reliatilities cf the long end short item parts
suggested an investigation of the test reliability a3z a function of the mmber of
parts in a test.

During the fall quarter of 1352 the gradors of the rorformance teais werse
agked to record the credit allocations for each part of a glven item. For example,
in cne iterm the sublect was asked to find the acceloration ard the average velocity
of a ball rolling down an inclined rlane. ‘[ri¢ credit allocation for a perfect score
was: 1 point for the measurement of the plane's length, ? poin%ts for the time

dotermination, 2 pcints for the correct acceleration valus, and 2 points for the

correct velocity value.




Tatle 3

Item Analysis of the Luboratory Performance Test

University of Minnesota - Zhysics 7

Sutsample 12 - Spring 1952 - SS 12
Subsample $ - Fall 1951 (in parcntheses)

Indices* Item Ave.
Short itom test Diecrimination Difficulty %
Criteria*#* Criterio** SS.12 All Thys. T
Item No. 1 2 1 2 N=281 N = 221
M-138 n 38(35) &5(11)  u5(31) L2(36) 35 33
M-106 m 56(38) 37(33)  40(328) uL(35) 31 29
M-T71 27(14) 23(1) 25(31) ¢26(30) 12 12
M-36, 31b L3 10 28 29 15 13
M-2e2 13 17 53 53 53 51
H-2 12 14 59 59 63 63
£-93 11 10 55 Sk €3 65
S. Average 28 20 L4 kL 39 38
Long Item Test
M-151 37(41) 10(12) 92(51) 47(51) L6 46
M-79 m 43 12 50 54 58 60
L. Averago kO 11 Sl 51 52 55
S. & L. Average 31 18 Ls L5 45 L5
Avorage of Common
Items SS. 12 & 9  40(32) 25(14)  41(38) u4o(38)

*% 1 = Total score on laboratcry
rerforwance test
2 = Final grade in physics 7

* Davis Indices
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A sample of 62 Fhysics 7 students was drawn. Tae subjects had the same
characteristics as those of the previous two gquarters. The Boyt reliability of the
performmance tests for this group was fourd in two ways: by using the ictal scecre on
each item, and by repouting the calculations with part scores. In the first case
there were 10 numbers for each individual grade; in the socond trial thers woro 30
rarta. The Hoyt reliability for the first procedure was .60, which was very rearly
the same as that tor the spring quarter group. On the other hand the ccerfficient
went up to .75 wnhen the subdivided parts wore uscd. The process was ropeated with
two samples of students from a differcnt coursec.

Twe random samples of 62 and 64 male studonts were drawn from Inysics la,
fall quarter 1952. The Hoyt reliability was computed with 6 items of a performance
test as well as with the 21 parts of the items. Tho ccefficients were Lk and .43
for the first method end .89 and .93 for the secornd scheme as shown in Table k.
There aprcars to be samec very strong evidence in support of the reclationship between
the Hoyt reliability and the number of parts or items in a performance tes*. The
distritution of an item score into several subscores corresponds c¢ffeciively to an
increase in the number of test items. Thus, the mean square between individuals
increases relative to the residual mecan sguare with a correspronding increase in the
reliability coefficient. When the Sccres on cach ltem are distributed among the
various tasks of the item, the reliability coefficlent rises to an acceptatle value.
Tne problem of the low roliadbility of a performance test appocars to have bcoen 3olved
satisfactorily. Another advantage of sutdividing thc score of an item into scveral

components is the simplification of the grading »roccdure,

Implications for Further Ressarch

The low correlation coesfficlierts between the laboratory performance *osts

in Physics and other measures cf aptitude and achievemont suggest the¢ need for !n-
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Table &
Hoyt Reliability of Yerformance Tests as a Function of
the Numbter cf Itoms - Unlversity of Minnesota
Course & Quartor N llo. of Items No. of Ecores Foyt r
Physics 7, Tall 1051 67 3 3 £2
" " [ 8 8 .59
" Spring 195¢ 81 2 2 .2l
" 114 n ;( 7 .60
! Foll 1952 62 10 10 .60
" " lo 30 .7—)
frnysics la, F:l1 1932 62 5 6 Ly
Sample 1
! " " 6 21 .89
rhysics la, Fall 19952 64 6 6 <43
Sample &
" " ) 6 21 .93

vestigating the relationship between various measures of laboratory work.

A number of poncil-pape+ tests on laboratory work in elementary physics
have becen developed. Sevoral of the testa have been administersd during 1552-1953 to
students cenrolled in threc different physics coursns at the University of Minncsota.
The results are bcing analyzed and the ri:lationsh’ps bztween the pencil-paper and

performance itest scores are under investigation.

Summary and Ccnclusions

The investigation dealt with the rclationship between performance tosts in

physics and oinher mcasurss cf schclastic aptitude and achievement. Students with and

»

w
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without high school rhysics were campared on theoretical and performancc tests in
college physics. The dependence of the Hoyt test reliability on the number of items
and the number of sub-scores was explorad.

The major findings of the study were:

1. Students with high school physics background appeared to te
superior to these without high school physics on conventional measuros of achieve-
ment in college pnysice. Howevor, tihc differcnces on the performance tests in the
latoratory were probably not significant.

2. A recduction of the theorcticul component and other modifications
of a performance test result in a lower correlation coefficient between it and other
mcasures of scholastic aptitude and achievement in physics.

a. The correlation cocfficient between the first-quarter por-
formance test in paysice armd ACE was .16, rnot significantly different from zero.

b. Tho correlation cocfficient between the performance test and
High School Rank was also .16.

c. The correiation coefficient between the performance test and
the final gradc in physics was .33, significant at one percent.

3. The various changes in the administration of the porfommancc tests
resulted in small but desirable changes in the aveorage discrimination and difficulty
irdiccs.

4. The Hoyt reliability depended on the number of itcms *n a tcst.
It was found that the reliebility of a 6-item performance test could be raised from
.43 to .93 by using 21 subscores.

Paper-pencil tests on laboratory work in physics have been conatructed and
a number of them have becn administered. Their relation to performanco tests is

being investigated.
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